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^ \ Abstract 

■ After briefly explaining the idea of photon structure functions (i^ ■> ^2) 1 review 

the current theoretical and experimental develop ements in the subject of extraction 
of q 7 from a study of the Deep Inelastic Scattering (DIS). I then end by pointing out 
recent progress in getting information about the parton content of the photon from 
hard processes other than DIS. 

o . 
\o ■ 
o\ ■ 

^ Introduction: 

The photon is the simplest of all bosons. Quantum Electrodynamics (QED), the theory 
of e — 7 interactions is the most accurately tested field theory we have. At first sight 
therefore it is surprising that many reactions involving (quasi-)real photons are much less 
well understood, both theoretically and experimentally. This outwardly strange fact is the 
result of fluctuations of a photon into quark-antiquark pairs. Whenever the lifetime of the 
virtual state exceeds the typical hadronic time scale the (virtual) qq pair has sufficient time to 
evolve into a complicated hadronic state that cannot be described by perturbative methods 
only. Even if the lifetime is shorter, hard gluon emission and related processes complicate 
the picture substantially. This thus endows the photon with a hadronic structure so to say. 

The understanding of these virtual hadronic states becomes particularly important when 
they are "kicked on the mass shell" by an interaction of the photon. The most thoroughly 
studied reactions of this type involve interactions of a real and a virtual photon (e.g. in 
e7 scattering); of two real photons (77 scattering at e + e~ colliders), the so called Deep 
Inelastic Scattering (DIS) off a photon target. There are two very important reasons for 
us to be interested in the study of hadronic structure of the photon; one is to facilitate 
better understanding of the interactions of high energy photons which can help sharpen 
our assesment of backgrounds at high energy colliders; this is true for high-energy linear 
e + e~ colliders that are now being discussed, and especially for the so-called 77 colliders 
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and second is the unique opportunity that the photon provides to study the perturbative 
and nonperturbative aspects of QCD. The latter is due to the fact that "in principle" the 
hadronic structure of the photon arises from the "hard" ^qq vertex. 

I discuss below mainly the DIS. These were the first photonic reactions for which predic- 
tions were made in the framework of the quark parton model (QPM) and within QCD 
[[J. e7 scattering was also among the first of the "hard" photonic reactions, which can at 
least partly be described by perturbation theory, to be studied experimentally ||. After 
that in the end I will discuss in brief how one can use the 'resolved photon' processes M to 
probe the structure of the photon and mention some new experimental data which fortells 
the expected progress in the area. 

Photon Structure Functions: 

Deep-inelastic e 7 scattering (DIS), is theoretically very clean, being fully inclusive; it 
is thus well suited to serve as the defining process for photon structure functions and the 
parton content of the photon. See Ref.jQ for a pedagogical introduction to the subject. 

Formally deep-inelastic e 7 scattering is quite similar to ep scattering 

e 7 - eX, (1) 

where X is any hadronic system and the squared four momentum transfer Q 2 = —q 2 > 1 
GeV 2 . The basic kinematics is explained in Fig. 1. The differential cross section can be 




Figure 1: Deep Inelastic Scattering off a photon target. 



written in terms of the scaling variables x = Q 2 /(2p ■ q) and y = Q 2 /(sx), where y/s is the 
total available centre-of-mass (cms) energy: 



d 2 a(e r y — > eX) 
dxdy 



Q 4 



{ [l + (1 - yf] F2(x, Q 2 ) - y 2 F2(x, Q 2 )} ; 



(2) 



this expression is completely analogous to the equation defining the protonic structure func- 
tions F2 and Ft in terms of the differential cross-section for ep scattering via the exchange of 
a virtual photon. The special significance [TJ of e 7 scattering lies in the fact that, while (at 
present) the x— dependence of the nucleonic structure functions can only be parametrized 
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Figure 2: Different contributions to 



from data, the structure functions appearing in eq.(^) can be computed in the QPM from 
the diagram shown in Fig. 2a: 
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where we have introduced the squared cms energy of the 7*7 system 



^ = ( - - 1 ) . 



(3a) 
(3b) 

(4) 



The sum in eq.(|3]) runs over all quark flavours, and e q is the electric charge of quark q in 
units of the proton charge. Note that unlike the case of the proton, for the photon F2 is 
nonzero even in the QPM. 

Unfortunately, eq.(H) depends on the quark masses m q . If this ansatz is to describe data 
11 even approximately, one has to use constituent quark masses of a few hundred MeV here; 
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constituent quarks are not very well defined in field theory. Moreover, we now know that 
QPM predictions can be modified substantially by QCD effects. In case of scattering, 
QCD corrections are described by the kind of diagrams shown in Figs. 2b, c. Diagrams of 
the type 2b leave the flavour structure unchanged and are therefore part of the (flavour) 
nonsinglet contribution to F%, while diagrams with several disconnected quark lines, as in 
Fig. 2c, contribute to the (flavour) singlet part of F^. 

The interest in photon structure functions received a boost in 1977, when Witten showed 
[[J that such diagrams can be computed exactly, at least in the so-called "asymptotic" limit 
of infinite Q 2 . Including next-to-leading order (NLO) corrections [|7|, the result can be 
written as 

1 



F 2 7 ' asymp (x,Q 2 ) =a e 



-a(x) + b(x) 



(5) 



MQ 2 

where a and b are calculable functions of x. The absolute normalization of this "aymptotic" 
solution is therefore given uniquely by a s (Q 2 ), i.e. by the value of the QCD scale parameter 
Aqcd- It was therefore hoped that eq.([5]) might be exploited for a very precise measurement 
of Aqcd- 

Unfortunately this no longer appears feasible. One problem is that, in order to derive 
eq.(||), one has to neglect terms of the form ( ° S (q^) ) , where Qg is some input scale (see 
below). Neglecting such terms is formally justified if a s (Q 2 ) <C a s {Ql) and P is positive. 
Unfortunately the first inequality is usually not satisfied at experimentally accessible val- 
ues of Q 2 , assuming Ql is chosen in the region of applicability of perturbative QCD, i.e. 
«s(Qo)/ 7T ^ 1- Worse yet, P can be zero or even negative! In this case ignoring such terms 
is obviously a bad approximation. Indeed, one finds that eq.(|5]) contains divergencies as 
0,01: 

a(x) ~ a;" ' 59 , b(x) ~ x~\ (6) 

The coefficient of the 1/x pole in b is negative; eq.(|5]) therefore predicts negative counting 
rates at small x. Notice that the divergence is worse in the NLO contribution b than in the 
LO term a. It can be shown || that this trend continues in yet higher orders. Clearly the 
"asymptotic" solution is not a very useful concept, having a violently divergent perturbative 
expansion. 

The worst divergencies in i^"' asymp occur in the singlet sector, i.e. originate from diagrams 
of the type shown in Fig. 2c. There exist also non-perturbative contributions to F% which 
are traditionally estimated using the vector dominance model ( VDM) || , from the diagrams 
shown in Fig. 2d and we have 

F 7,VDM K _ F n(j>) 

Hence one expects the contribution of Fig. 2d to be well-behaved, i.e. non-singular. Hence 
this cannot cancel the divergencies of the "asymptotic" solution. 

This discussion tells us that we cannot hope to compute F%(x, Q 2 ) from perturbation 
theory alone. The only meaningful approach seems to be that suggested by Gliick and Reya 
[1G|| . That is, one formally sums the contributions from Figs. 2a-d into the single diagram 
of Fig. 2e, where we have introduced quark densities in the photon qJ(x,Q 2 ) such that (in 
LO) 

F 2 >,Q 2 ) = 2*£e^,Q 2 ), (7) 
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where the sum runs over flavours, e qi is the electric charge of quark qi in units of the proton 
charge, and the factor of 2 takes care of anti-quarks. This is merely a definition. In the 
approach of ref. [|l(J one does not attempt to compute the absolute size of the quark densities 



inside the photon. Rather, one introduces input distribution functions g7o( x ) = Qi( x 7 Qo) 
at some scale Q^. Qq is usually chosen as the smallest value for which a s (Q"^) is sufficiently 
small to allow for a meaningful perturbative expansion. 

Given these input distributions, the photonic parton densities, and thus K7, at different 
values of Q 2 can be computed using the inhomogeneous evolution equations. In LO, they 
readi0: 



dq^ s (x,Q 2 ) 
dlogQ 2 

c?E 7 (x, Q 2 ) 

dlogQ 2 
dG^{x,Q 2 ) 



2tt ' 2ir 

(Q 



(8a) 



kl(x) + [{P° qq ® TP) (x, Q 2 ) + (p° qG ® (P) (x, Q 2 )] ; (8b) 



2tt iV ' 2t 
a s (Q 2 



dlogQ 2 2tt 
where we have used the notation 



P Gq ® E 7 ) (x, Q 2 ) + (p gg ® CP) (x, Q 2 



[P®q)(x,Q 2 ) = f $Lp{ V )q{-,C?). 

Jx y y 



(8c) 



(9) 



The P-j are the usual (LO) j — > i splitting functions and k] describe 7 — > qq splitting. Eq.(pa|) 
describes the evolution of the nonsinglet distributions (differences of quark densities), i.e. 
re-sums only diagrams of the type shown in Fig. 2b, while eqs. (|8|],[8cD describe the evolution 
of the singlet sector (S 7 = J2i ?7 + 97)> which includes diagrams of the kind shown in Fig. 2c. 
Notice that this necessitates the introduction of a gluon density inside the photon G 7 (x, Q 2 ), 
with its corresponding input distribution Gq(x) = G' y (x,Ql). 

It is crucial to note that, given non-singular input distributions, the solutions of eqs.@ 
will also remain [|Kj] well-behaved at all finite values of Q 2 . This is true both in LO and 
in NLO fr2"|| . On the other hand one clearly has abandoned the hope to make an absolute 
prediction of i 7 ^ (x, Q 2 ) in terms of A QCD alone. The solutions of eqs.(|]) still show an 
approximately linear growth with logQ 2 ; in this sense eq.(|5]) remains approximately correct, 
but the functions a and b now do depend weakly on Q 2 (approximately like log log Q 2 ), and 
the x— dependence of b is not computable. This approximate linear growth of F% with Q 2 
has been experimentally confirmed quite nicely [0] as shown in Fig. 3 taken from Ref. [13 . 
Notice that no momentum sum rule applies for the parton densities in the photon as defined 
here. The reason is that these densities are all of first order in the fine structure constant 
a em . Even a relatively large change in these densities can therefore always be compensated 
by a small change of the O{a em ) term in the decomposition of the physical photon, which is 
simply the "bare" photon [with distribution function 5(1 — x)]. 

Before discussing our present knowledge of and parametrizations for the parton densities 
in the photon, we briefly address a few issues related to the calculation of F^- As mentioned 
above, eqs.(0),(^) have been extended to NLO quite early, although a mistake in the two-loop 
7 — > G splitting function was found [14| only fairly recently. A full NLO treatment of massive 
quarks is now also available [15] for both i 7 ^ and 
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Figure 3: x averaged data on F^ as a function of Q 2 fl3 . 



in the photon structure functions, i.e. logl/x re-summation and parton recombination, has 
been presented in ref . |16| ; however, the predicted steep increase of F^ at small x has not been 
observed experimentally [T7 |. Finally, non-perturbative contributions to F£ are expected 



to be greatly suppressed if the target photon is also far off-shell. One can therefore derive 



unambiguous QCD predictions [TS| in the region Q 2 ^> P 2 ^> A 2 , where the first strong 
inequality has been imposed to allow for a meaningful definition of structure functions. 
However, it has recently been pointed out [O] that non-perturbative effects might survive 
longer than previously expected; an unambiguous prediction would then only be possible for 
very large P 2 , and even larger Q 2 , where the cross-section is very small. 

Parametrizations of Photonic Parton Densities: 



As discussed above the Q 2 evolution of the photonic parton densities (pi^x.Q 2 ) = (q] , 
G 1 ){x,Q 2 ) is uniquely determined by perturbative QCD, eqs.(D) and their NLO extension 
once input distributions eft at a fixed Q 2 = Ql are specified. Though similar to the nucleonic 
case, the determination of the input distributions is much more difficult in case of the photon, 
for a variety of reasons. 

To begin with, no momentum sum rule applies for g^, as discussed above. This means 
that it will be difficult to derive reliable information on C7g from measurements of F% alone: 
in LO, the gluon density only enters via the (subleading) Q 2 evolution in F^. We will see 
below that parametrizations for C7 7 still differ by sizable factors over the entire x range unless 
Q 2 is very large. 

Secondly, so far deep-inelastic scattering could only be studied at e + e~ colliders, where 
the target photon is itself radiated off one of the incoming leptons. The cross section from the 
measurement of which F% is to be determined is of order da/dQ 2 ~ a^ m / (vrQ 4 ) log (E/m e ), 



see eq.(||). The event rate is therefore quite small; the most recent measurements [g, [L7|, |2(| 
13j typically have around 1,000 events at Q 2 ~ 5 GeV 2 , and the statistics rapidly gets worse 
at higher Q 2 . 
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Another problem is that the e ± emitting the target photon is usually not detected, since 
it emerges at too small an angle. This means that the energy of the target photon, and 
hence the Bjorken variable x, can only be determined from the hadronic system. All existing 
analyses try to determine x from the invariant mass W, using eq.(|j). Since at least some 
of the produced hadrons usually also escape undetected, the measured value of W (W vis ) is 
generally smaller than the true W. One has to correct for this by "unfolding " the measured 
VFyis) distribution to arrive at the true W ( and hence true x ) distributions. To do this one 
has to model the hadronic system X. Reasonably well tested alogrithms have been evolved 
for this. The procedure normally used by the experimentalists is as originally suggested 
in Ref. [21]. However the way it is implemented currently |22, 17, |20], 13 has certain 



shortcomings j|, [23| . Also this procedure can lead to large uncertainties at the boundaries of 
the accessible range of x values. It has been shown explicitly |24| that different ansatze for 
X can lead to quite different "measurements" of F% at small x. The estimation of systematic 
error due to unfolding procedure only includes things like the choice of binning |17| and not 
some of the uncertainites in the modelling of the state X. This might help to explain the 
apparent discrepancy between different data sets ||. Fortunately, new ideas for improved 
unfolding algorithms EH] are now under investigation; this should facilitate the measurement 
of F~2 at small x, especially at high energy (LEP2) |26| In spite of this, measurements of 
F2 probably still provide the most reliable constraints on the input distributions Qo(x); they 
are certainly the only data that have been taken into account when constructing existing 
parametrizations of (p(x, Q 2 ). 

At present there exist a large number (~ 20) parametrisations for the photonic par- 
ton densities. Apart from the simplest and the oldest parametrisations [27|, |28| based on 
"Asymptotic" LO prediction 0, p9| , (which were recently improved by Gordon and Storrow 
|30|| ) all other parametrizations involve some amount of data fitting. However, due to the 
rather large experimental errors of data on F^ , additional assumptions always had to be 
made. The different parametrisations are not just different fits to the data but they differ 
from each other in these assumptions, the treatment of heavy quarks, choice of the scale Qq 
and the physics ideas used for this choice of input densities. One assumption made by all of 
them is that quark and anti-quark distributions (of the same flavour) are identical, which 
guarantees that the photon carries no flavour. 

The DG parametrization [31] was the first to start from input distributions and is based 
on only a single measurement of F% at Q 2 ~ 5.2GeV 2 that was then available. Two assump- 
tions were made : All input quark densities were assumed to be proportional to the squared 
quark charges, i.e. u 1 = 4gP = 4s 7 at Ql = 1 GeV 2 ; and the gluon input was generated 
purely radiatively. This parametrization only exists in LO. The charm content is definitely 
overestimated in this parametrisation. 

The LAC parametrizations |32| are based on a much larger data set. The main point 



of these fits was to demonstrate that data on K7 constrain G 1 very poorly. In particular, 
they allow a very hard gluon, (LAC3), as well as very soft gluon distributiuons (LAC1, 
LAC2). The LAC parametrizations only exist for Nf = 4 massless flavours and in LO. No 
assumptions about the relative sizes of the four input quark densities were made in the fit. 
LAC3 has been clearly excluded by data on jet production in ep scattering as well as in real 
77 scattering (see discussions at the end); the experimental status of LAC1,2 is less clear. 
The recent WHIT parametrizations |33| follow a similar philosophy as LAC, at least 
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regarding the gluon input; however, their choices for Gq are much less extreme. In the 
WHIT 1,2, 3 parametrizations, gluons carry about half as much of the photon's momentum 
as quarks do (at the input scale Ql = 4 GeV 2 ), while in WHIT4,5,6 gluons and quarks 
carry about the same momentum fraction and in each set softness of the input gluon density 
was systematically increased. These only exist in LO, but great care has been taken to 
treat the (x— dependent) charm threshold correctly. This is much more important here than 
for nucleonic parton densities, since the photon very rapidly develops an "intrinsic charm" 
component from 7 — ► cc splitting. 

The GRV parametrization |]34 | is the first NLO fit of q 7 ; a LO version is also available. 



This parametrization is based on the same "dynamical" philosophy where one starts from 
a very simple input at a very low (0.25 GeV 2 in LO, 0.3 GeV 2 in NLO); this scale is 
assumed to be the same for p, ir and 7 targets. The observed, more complex structure is 
then generated dynamically by the evolution equations. The input densities for the photon 
are taken proportional to those for the (vector meson and hence) pion case[[35|]. Over and 
above the 7 — > p transistion probability given by the VDM there is a proportionality factor 
k which is the only free parameter in this ansatz and was determined to k = 2 (1.6) in 
LO (NLO). This approach has met with some criticism due to the low scale used. The 
GRV parametrization ensures a smooth onset of the charm density, using an x— independent 
threshold. 

The GS parametrizations pOf were developed shortly after GRV, but follow a quite dif- 
ferent strategy. Problems with low input scales |36| are avoided by choosing Ql = 5.3 GeV 2 . 
This is certainly in the perturbative region, but necessitates a rather complicated ansatz for 
the input distributions: 

2o,gsO) = «^^^(^>Qo) + 9qpm(^Qo)- ( 10 ) 
Ip 

The free parameters in the fit are the momentum fractions carried by gluons and sea-quarks 
in the pion, the parameter k, and the light quark masses. In the GS2 parametrization, Gq is 
assumed to come entirely from the first term in eq . (|10D , while in GS1 the second term also 
contributes via radiation. While the fit gives reasonable values for all the three parameters, 
the ansatz fllCf ) though true in the perturbative region is not invariant under the evolution 
equations. For practical purposes, however, it includes sufficiently many free parameters to 
allow a decent description of data on F%- The newer version uses of this parametrisation 
P7] uses slightly reduced input scale Ql = 3 GeV 2 , and for the first time includes data on 
jet production in two-photon collisions in the fit; unfortunately this still does not allow to 
pin down G 1 with any precision. 

The AGF parametrization [|38[| is (in its "standard" form) quite similar to GRV. In par- 
ticular, they also assume that at a low input scale Ql = 0.25 GeV 2 the photonic parton 
densities are described by the VDM. The main difference is in the scheme used for determin- 
ing the input densities as well as inclusion of the p — <fi — uj interference effects. Separate fits 
are provided for the "anomalous" (or "pointlike") and "non-perturbative" contributions to 
q 7 , allowing the user to specify the absolute normalization (although not the shape) of the 
latter. 



Finally, two of the SaS parametrizations |23] are based on a similar philosophy as the 



GRV and AGF parametrizations, by assuming that at a low Qq ~ 0.6 GeV the perturba- 



tive component vanishes (SaSl). However, while the normalization of the non-perturbative 
contribution is taken from the VDM the shapes of the quark and gluon distributions are 
fitted from data. Although the SaS parametrizations are available in LO only, the authors 
attempt to estimate the scheme dependence providing a parametrization (SaSIM) where the 
non leading-log part of the QPM prediction for has been added to eq.(^), while SaS ID 
is based on eq.(^) alone. There are also two parametrizations (SaS2D, SaS2M) with Q = 2 
GeV; however, in this case the normalization of the fitted "soft" contribution had to be left 
free. The SaSl sets preferred by the authors are quite similar to AGF; the real significance 



of ref. p3| is that it carefully describes the properties of the hadronic state X for both the 
hadronic and "anomalous" contributions, as needed for a full event characterization. 
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Figure 4: Data on F^ [17, EOj as a fucntion of x compared with various parametristions 



In Fig. 4 we compare various LO parametrizations of F% at Q 2 = 15 GeV 2 with recent 
data taken by the OPAL [|T7| and TOPAZ |20] collaborations; present data are not able to 



distinguish between LO and NLO fits. In order to allow for a meaningful comparison, we have 
added a charm contribution to the OPAL data, as estimated from the QPM; this contribution 
had been subtracted in their analysis. We have used the DG and GRV parametrizations with 
Nf = 3 flavours, since their parametrizations of c 7 are meant to be used only if log Q 2 /m 2 c 
1; the charm contribution has again been estimated from the QPM. f\ As discussed earlier, 
WHIT provides a parametrization of c 7 that includes the correct kinematical threshold, while 
LAC treat the charm as massless at all Q 2 . 

We see that most parametrizations give quite similar results for over most of the 
relevant x— range; the exception is LAC1, which exceeds the other parametrizations both at 
large and at very small x. It should be noted that the data points represent averages over 
the respective x bins; the lowest bin starts at x — 0.006 (0.02) for the OPAL (TOPAZ) data. 



The first OPAL point is therefore in conflict |23] with the LAC1 prediction. Unfortunately 



there is also some discrepancy between the TOPAZ and OPAL data at low x. As discussed 



§We have ignored the small contribution [051 from 7*17 — * cc in this figure. 
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above, one is sensitive to the unfolding procedure here; for this reason, WHIT chose not to 
use these (and similar) points in their fit. (The other fits predate the data shown in Fig. 4.) 
This ambiguity in present low— x data is to be regretted, since in principle these data have 
the potential to discriminate between different ansatze for Gq. This can most clearly be seen 
by comparing the curves for WHIT4 (long dashed) and WHIT6 (long-short dashed), which 
have the same valence quark input, and even the same / xG^dx: WHIT4 has a harder gluon 
input distribution, and therefore predicts a larger K7 at x ~ 0.1; WHIT6 has many more 
soft gluons, and therefore a very rapid increase of for x < 0.05, not unlike LAC1. Finally, 
it should be mentioned that the GS, AGF and SaS parametrizations also reproduce these 
data quite well. 
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Figure 5: Gluon densities in various parametrisations of q 1 

Discriminating between these parametrizations would be much easier if one could measure 
the gluon density directly. This is demonstrated in Fig. 5, where we show results for xG 1 
at the same value of Q 2 ; we have chosen the same LO parametrizations as in Fig. 4, and 
included the LAC3 parametrization with its extremely hard gluon density. Note that, for 
example, WHIT4 and WHIT6 now differ by a factor of 5 for x around 0.3. The gluon 
distribution of WHIT6 is rather similar in shape to the one of LAC1, but significantly 
smaller in magnitude. Indeed, in all three LAC parametrizations, gluons carry significantly 
more momentum than quarks for Q 2 < 20 GeV 2 ; this is counter-intuitive ]3"0|] , since in 
known hadrons, and hence presumably in a VMD-like low— Q 2 photon, gluons and quarks 
carry about equal momentum fractions, while at very high Q 2 the inhomogeneous evolution 
equations (H) predict that quarks in the photon carry about three times more momentum 
than gluons. Notice finally that GRV predicts a relatively flat gluon distribution. This 
results partly from the low value of the input scale Ql = 0.25 GeV 2 , compared to 1 GeV 2 for 
DG and 4 GeV 2 for WHIT and LAC1; a larger Q 2 jQ\ allows for more radiation of relatively 
hard gluons off large— x quarks. 

Since the measurement of F2 can not constrain the flavour structure, the different 
parametrisations mentioned above difer substantially from each other in their flavour struc- 
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ture as well. 

Hard processes other than the DIS and q 1 : 

The discussion at the end of the last section clearly shows that while the data on ac- 
cumulated till now indeed supports the theoretical predictions, the DIS data cannot discrim- 
inate between the various parametristions which differ considerably in their gluon content 
and flavour structure. In order to make use of the structure function language effectively 
to caclculate processes involving photons, we need to inprove upon this knowledge. Hard 
processes where the partons in the photon participate in the hard scattering, the so called 
'resolved processes' |§] hold the promise of being able to do that and an experimental study 
of these processes has taken the centre stage in 77 and 'jp physics in the last 3-4 years. 
Both the 77 scattering at TRISTAN and LEP as well as 7^0 scattering at HERA, has begun 
to provide a lot of data on jet production as well as heavy flavour production which have 
demonstrated ability to discriminate between different parametrisations of C7 7 (x, Q 2 ) . See 
ref. [|j] for a summary of the recent developements in the area. Here, I present only as an 
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Figure 6: Single-jet inclusive cross-section in 77 collisions obtained by TOPAZ com- 
pared with predictions for various parametrisations of q 1 

example of the available experimental information the inclusive single jet spectrum expected 
for the the anti-tagging conditions of the TOPAZ detector at TRISTAN (the TRISTAN 
data on jet production are the only published data where the detector effects have been 
unfolded) for various parametrisations mentioned above. The lower dotted curve shows the 
direct contribution only. Thus the data clearly demonstrate existence of the 'resolved' con- 
tributions. The other curves show LO predictions for the various parametrisations. It can 
be clearly seen that the data have some discriminatory power and rule out already the LAC3 
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parametrisation. The data from TRISTAN on heavy flavour (charm) production seem to 
disfavour DG parametrisation somewhat, whereas the jet production data from HERA also 
rule out LAC3. Further studies of jet and heavy flavour production at HERA, LEP as well 
as direct photon production at HERA can indeed provide some more information on the 
photonic parton densities. 

Conclusions: 

1 The basic predictions of perturbative QCD as regards the Q 2 and x dependence of F^ 
have been confirmed by experiments. The only sensible way is to treat the F^ similar 
to the nucleon structure function and fit the form of input densities at a low scale, 
using the data on F^ and the evolution equations. 

2 Various parametrisations of the photonic parton densities q 1 exist all of which describe 
the data on F^ well, but they differ a lot in the gluon densities G 7 (x, Q 2 ) as well as 
in their flavour strucutre. Data at small x from LEP2 might be able to distinguish 
between different parametrisations. 

3 The 'Resolved Photon Processes', where the partons in the photon participate in the 
hard scattering also has the potential of providing important information about q 1 
in general and the gluon density in particular. Data from HERA (ep experiments) 
and TRISTAN/LEP (e + e~ experiments) have already confrimed the existence of the 
'resolved photon' processes at the expected level and have begun to provide nontrivial 
information on q f . 
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